(19) 



JEuropaisch s Pat ntamt 
Europ an Pat nt Offic 



Offic 



(12) 
(45) 

(21) 
(22) 



urope n des br vets EP 0 444 694 B1 

EUROPEAN PATENT SPECIFICATION 



Date of publication and mention 
of the grant of the patent: 
17.01.1996 Bulletin 1996/03 

Application number: 91103082.3 

Date of filing: 01 .03.1991 



(51) intci* G02B 6/34, H01S 3/06, 
H01S 3/094, G02B 6/28, 
G02B 6/42 



(54) Optical coupler 

Optischer Koppler 
Coupleur optique 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 02.03.1990 JP 49254/90 
20.09.1990 JP 248672/90 
19.09.1990 JP 247219/90 

(43) Date of publication of application: 
04.09.1991 Bulletin 1991/36 

(73) Proprietor: FUJITSU LIMITED 

Kawasaki-shi, Kanagawa 211 (JP) 

(72) Inventors: 

• Abe, Kenichi 

Yamoto-shi, Kanagawa 242 (JP) 

• Naganuma, Norihisa 
Yokoham-shi, Kanagawa 225 (JP) 



m 

O) 
CD 

o 

IH 



• Takamatsu, Hisashi 
Yokohama-shi, Kanagawa 222 (JP) 

(74) Representative: Lehn, Werner, Dipl.-lng. et al 
D-81904M0nchen (DE) 



(56) References cited: 
EP-A- 0 268 523 



FR-A-2 516 254 



• PATENT ABSTRACTS OF JAPAN vol. 12, no. 95 
(P-681) 29 March 1988 ; & JP-A-62 229 206 

• LASER FOCUS WORLD, vol. 25, no. 10, October 
1989, TULSA, US, pp. 145-146 ; G.T. FORREST 
: "Japanese exhibit next-generation fiberoptic 
devices" 

• PATENT ABSTRACTS OF JAPAN vol. 12, no. 
233 (P-724)(3080) 5 July 1988 ; & JP-A-63 025 
604 

• PATENT ABSTRACTS OF JAPAN vol. 1 4, no. 79 
(E-888)(4022) 14 February 1990 ; & JP-A-1 292 
875 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 0 444 694 B1 



2 



Description 

Background of the Invention 

This invention relates generally to an optical coupler 
for coupling a first beam and a second beam having dif- 
ferent wavelengths to each other, and more particularly 
to an optical coupler suitably used to couple a signal 
beam and a pumping beam having proximate wave- 
lengths to each other and introduce the beam obtained 
by such coupling into an Er doped fiber. 

In an optical fiber communication system which has 
been put into practical use, a repeater is interposed at 
each predetermined distance in order to compensate for 
attenuation of an optical signal caused by loss in an op- 
tical fiber. Such repeater is constituted such that an op- 
tical signal is converted into an electric signal by a pho- 
todiode, and the electric signal is amplified by an elec- 
tronic amplifier and is then converted back into an optical 
signal by a semiconductor laser or the like, whereafter 
the optical signal is sent out into an optical fiber trans- 
mission line. If such optical signal can be amplified in low 
noises while it remains in the form of an optical signal, 
then the repeater can be reduced in size and econo- 
mized. 

Thus, investigation of optical amplifiers which can 
directly amplify an optical signal is being proceeded ex- 
tensively. Optical amplifiers which are made objects of 
investigation are divided roughly into three types includ- 
ing (a) a first type which includes a combination of an 
optical fiber doped with a rare earth element (Er, Nd, Yb 
and so forth) and a pumping beam, (b) a second type 
which includes a semiconductor laser doped with a rare 
earth element, and (c) a third type which makes use of 
a non-linear effect in an optical fiber such as an induced 
Raman amplifier or an induced Brillouin amplifier. 

An optical amplifier of the first type (a) which in- 
cludes a combination of an optical fiber doped with a rare 
earth element and a pumping beam among the three 
types listed above has superior features that it has no 
polarization dependency, that it produces a comparative- 
ly small amount of noises and that the coupling loss is 
low. Therefore, it is anticipated that an optical fiber of the 
type (a) enables an increase of the repeater to repeater 
distance in an optical fiber transmission system and fur- 
ther enables distribution of optical signals to a large 
number of stations. 

An Er doped optical fiber which is doped with Er as 
a rare earth element is commonly used for the amplifi- 
cation of the 1 .55 u.m band which is used in optical fiber 
communications. 

FIG. 1 illustrates a principle of optical amplification 
by a rare earth element doped optical fiber. Reference 
numeral 2 denotes an optical fiber constituted from a 
core 4 and a clad 6, and Er (erbium) is doped in the core 
4. If a pumping beam of a wavelength of, for example, 
1 .48 u.m is introduced into such Er doped optical fiber 2, 
then Er atoms are excited to a higher energy level by the 



pumping beam. If a signal beam of another wavelength 
of, for example, 1 .55 u,m is introduced to such Er atoms 
in the optical fiber 2 which are excited to a higher energy 
level in this manner, the Er atoms drop to a lower energy 

5 level, whereupon stimulated emission of light takes place 
so that the power of the signal beam is increased grad- 
ually along the optical fiber, thereby effecting amplifica- 
tion of the signal beam. 

FIG. 2 shows general construction of a conventional 

10 Er doped optical fiber amplifier based on the principle of 
amplification described just above. Reference numeral 
1 0 denotes a polarized beams coupler, and a first pump- 
ing beam having a horizontal polarization plane and a 
second pumping beam having a vertical polarization 

15 plane are introduced into the polarized beams coupler 
10 by way of a pair of optical fibers 11 and 12, respec- 
tively. The first and second pumping beams are com- 
bined with each other by and emitted from the polarized 
beams coupler 1 0. The first and second pumping beams 

20 have, for example, an equal wavelength of 1 .48 um The 
polarized beams coupler 10 includes a polarized beams 
coupling prism unit 16 of a construction wherein a polar- 
ized beams coupling film 15 is sandwiched between a 
pair of triangular prisms 1 3 and 1 4. 

25 The first pumping beam introduced in from the opti- 
cal fiber 11 and having a horizontal polarization plane is 
collimated by a collimator lens 17 and then is introduced 
into the polarized beams coupling prism unit 16, in which 
it passes through the polarized beams coupling film 15 

30 as it is. On the other hand, the second pumping beam 
introduced in from the optical fiber 12 and having a ver- 
tical polarization plane is collimated by another collima- 
tor lens 18 and is then introduced into the polarized 
beams coupling prism unit 16, in which it is reflected into 

35 the same light path as the transmitted light path of the 
first pumping beam by the polarized beams coupling film 
15. Accordingly, the emergent beam from the polarized 
beams coupling prism unit 1 6 is a combination of the first 
pumping beam and the second pumping beam, and the 

40 pumping beams obtained by such coupling is condensed 
by a lens 1 9 and introduced into an optical fiber 20. An- 
other optical fiber 21 is connected to the optical fiber 20 
by way of a connecting adapter 22, and the first and sec- 
ond pumping beams transmitted by way of the optical 

45 fibers 20 and 21 are introduced into an optical wave- 
length multiplexer 23, in which they are wavelength mul- 
tiplexed with a signal beam of, for example, the 1 .55 urn 
band transmitted thereto along an optical fiber 28. 
The optical wavelength multiplexer 23 includes an 

50 optical wavelength multiplexing prism 26 which in turn 
includes a triangular prism 24 and an optical wavelength 
multiplexing film 25 in the form of a dielectric multi-layer 
film or the like formed on an inclined face of the triangular 
prism 24. The first and second pumping beams from the 

55 optical fiber 21 are collimated by a collimator lens 27 and 
are then introduced into the optical wavelength multi- 
plexing prism 26, in which they are transmitted through 
the optical multiplexing film 25, whereafter they are emit- 
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ted from the optical wavelength multiplexing prism 26. 
On the other hand, the signal beam of the wavelength 
of, for example 1.55 |im which has been transmitted 
along the optical fiber 28 is collimated by a collimator lens 
29 and is then introduced into the optical wavelength s 
multiplexing prism 26, in which it is reflected by the op- 
tical wavelength multiplexing film 25. Consequently, the 
signal beam is emitted into the same light pass as the 
transmitted light path of the pumping beams. The signal 
beam and the pumping beams wavelength multiplexed 10 
in this manner are condensed by a lens 30 and intro- 
duced into an Er doped optical fiber 31 in which amplifi- 
cation of the signal beam takes place based on the prin- 
ciple described hereinabove. 

The reason why a first pumping beam and a second is 
pumping beam are coupled to each other by the polar- 
ized beams coupler 10 in the construction of the conven- 
tional Er doped optical fiber amplifier is that, when the 
output power of a semiconductor laser (LD) which emits 
a pumping beam is not sufficiently high, two semicon- 20 
ductor lasers are used in order to assure a pumping 
beam of a high output power. In case the output powers 
of the semiconductor lasers are sufficiently high, only 
one of two pumping beams can be used, thereby em- 
ploying a redundant structure. 25 

In the Er doped optical fiber amplifier, a laser beam 
of the wavelength of 1.55 jim band and another laser 
beam of the wavelength of 1 .48 yim are employed as a 
signal beam and a pumping beam, respectively, as de- 
scribed hereinabove. Where the difference in wave- 30 
length between a signal beam and a pumping beam is 
small in this manner, if the angle of incidence of the signal 
beam to an optical wavelength multiplexing film is not 
smaller than 45 degrees, wavelength multiplexing of the 
signal beam and the pumping beam cannot be achieved 35 
sufficiently. Accordingly, there is a problem that such sig- 
nal beam cannot be introduced into an optical wave- 
length multiplexing prism perpendicularly or parallelly to 
the light path of the pumping beam, and accordingly the 
arrangement of optical parts including an optical wave- 40 
length multiplexing prism becomes complicated. 

FR-A-2 51 6 254 shows the features of the preamble 
of claim 1 , including a multiplexing device for coupling 
beams of different wavelengths, comprising a prism with 
an included angle of 45° and a second prism attached *s 
to one face of the first prism. JP-A-62 229 206 shows a 
multiplexer with similar features. EP-A-268 523 shows 
an optical coupler including a polarized beam coupling 
means for coupling beams having mutually perpendicu- 
lar polarization directions. so 

Summary of the Invention 

Accordingly, it is an object of the present invention 
to provide an optical coupler into which a signal beam S5 
and a pumping beam having a small difference in wave- 
length can be introduced perpendicularly or parallelly to 
each other. 



It is another object of the present invention to provide 
an optical coupler wherein a signal beam and a pumping 
beam having a small difference in wavelength can be 
coupled to each other and introduced into an optical fiber 
amplifier. 

In accordance with the present invention, there is 
provided an optical coupler for coupling a signal beam 
and a second beam having different wavelengths to each 
other as defined in claim 1. 

Preferably, the second prism is a triangular prism 
. having an apex angle of 22.5 degrees. Alternatively, the 
second prism may be a triangular prism having opposing 
apex angles of 22.5 degrees and 45 degrees. 

Preferably, the first beam is a signal beam, and the 
second beam is a pumping beam. The signal beam is 
first totally reflected by the total reflection film and then 
introduced to the optical wavelength multiplexing film at 
which it is coupled to the pumping beam. The thus cou- 
pled signal beam and pumping beam are introduced into 
an Er doped optical fiber, in which the signal beam is am- 
plified. 

The above and other objects, features and advan- 
tages of the present invention and the manner of realiz- 
ing them will become more apparent, and the invention 
itself will best be understood, from a study of the follow- 
ing description and appended claims with reference had 
to the attached drawings showing some preferred em- 
bodiments of the invention. Figures 3 and 6 show only 
some of the features of claim 1 . 

Brief Description of the Drawings 

FIG. 1 is a schematic view illustrating a principle of 
optical amplification by an Er doped optical fiber: 
FIG. 2 is a diagrammatic representation of an exem- 
plary conventional optical coupler: 
FIG. 3 is a diagrammatic representation of an optical 
coupler; 

FIG. 4 is a diagram showing transmission charac- 
teristics of a polarized beams combining film; 
FIG, 5 is a diagram showing transmission charac- 
teristics of an optical wavelength multiplexing film; 
FIG. 6 is a diagrammatic representation of an optical 
coupler; 

FIG. 7 is a diagram showing transmission charac- 
teristics of a low-pass filter; 
FIG. 8 is a diagrammatic representation of an optical 
coupler showing an embodiment of the present 
invention; 

FIG. 9 is a diagram showing transmission charac- 
teristics of an optical wavelength multiplexing film 
employed in the optical coupler of FIG. 8; 
FIG. 10 is a diagram showing transmission charac- 
teristics of a filter film employed in the optical coupler 
of FIG. 8; and 

FIG. 11 is a diagrammatic representation of an opti- 
cal coupler showing an embodiment of the present 
invention. 
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Description of the Preferred Embodiments 

FIG. 3 is a diagrammatic representation showing 
coupler. Reference numeral 32 denotes a polarized 
beams coupling prism unit, which is constituted from a 
pair of triangular prisms 33 and 34 and a polarized 
beams coupling film 35 in the form of a dielectric mul- 
ti-layer film or the like formed by vapor deposition is pro- 
vided between the triangular prisms 33 and 34. The po- 
larized beams coupling film 35 has such transmission 
characteristics as shown in FIG. 4. In particular, the po- 
larized beams coupling film 35 has characteristics that it 
transmits therethrough a first pumping beam of P polar- 
ization having a wavelength of 1 .48 u.m and having a hor- 
izontal polarization plane, but it reflects a second pump- 
ing beam of S polarization having a wavelength of 1 .48 
u.m and having a vertical polarization plane. 

The first pumping beam of the wavelength of 1.48 
u.m having a horizontal polarization is emitted from an 
optical fiber 36 inserted in a ferrule 37, collimated by a 
lens 38 and introduced into the polarized beams coupling 
prism unit 32, in which it is transmitted through the po- 
larized beams coupling film 35. Consequently, the first 
pumping beam is emitted as it is from the polarized 
beams coupling prism unit 32. On the other hand, the 
second pumping beam of the wavelength of 1.48 u.m 
having a vertical polarization plane is emitted from an 
optical fiber 39 inserted in a ferrule 40, collimated by a 
lens 41 and introduced into the polarized beams coupling 
prism unit 32, in which it is reflected by the polarized 
beams coupling film 35. Consequently, the second 
pumping beam is emitted into the same light path as the 
transmitted light path of the first pumping beam. As a re- 
sult, the first pumping beam and the second pumping 
beam are coupled to each other. 

The reason why the first pumping beam and the sec- 
ond pumping beam are coupled to each other by the po- 
larized beams coupling prism unit 32 in this manner is 
that it is intended to couple, when the output power of a 
semiconductor laser which emits a pumping beam is not 
sufficiently high, two pumping beams to each other to 
raise the power of an output pumping beam. In case the 
output powers of the pumping beam sources are suffi- 
ciently high, only one of the two pumping beam sources 
can be driven to increase the redundancy of the pumping 
beam. 

Reference numeral 42 denotes an optical wave- 
length multiplexing prism unit for wavelength multiplex- 
ing a pumping beam and a signal beam, and the optical 
wavelength multiplexing prism unit 42 includes a prism 
43 having an included angle of 45 degrees. A total re- 
flection film 44 in the form of a dielectric multi-layer film 
or the like is formed on one of a pair of faces of the prism 
43 which define the included angle while an optical wave- 
length multiplexing film 45 similarly in the form of a die- 
lectric multi-layer film or the like is formed on the other 
one of the faces of the prism 43 defining the included 
angle. A triangular prism 46 having an apex angle of 22.5 



degrees is adhered to the latter face of the prism 43. The 
transmission characteristics of the optical wavelength 
multiplexing film 45 are such as shown in FIG. 5 wherein 
the optical wavelength multiplexing film 45 transmits first 
5 and second pumping beams of the wavelength of 1 .48 
jim therethrough, but it reflects a signal beam of the 
wavelength of the 1 .55 jam band. 

First and second pumping beams emitted from the 
polarized beams coupling prism unit 32 are introduced 
10 into the optical wavelength multiplexing prism unit 42, in 
which they are transmitted through the optical wave- 
length multiplexing film 45. Consequently, they are emit- 
ted as they are from the optical wavelength multiplexing 
prism unit 42. On the other hand, a signal beam of the 
is wavelength of the 1 .55 u,m band is emitted from an op- 
tical fiber 47 inserted in a ferrule 48 and is then collimated 
by a lens 49, whereafter it is introduced into the optical 
wavelength multiplexing prism unit 42. Then, the signal 
beam is totally reflected by the total reflection film 44 and 
is then introduced to the optical wavelength multiplexing 
film 45 at an angle of incidence smaller than 45 degrees. 
Consequently, the signal beam is reflected by the optical 
wavelength multiplexing film 45 and is then emitted into 
the same light path as the transmitted light path of the 
pumping beams. Consequently, the signal beam and the 
first and/or second pumping beams are wavelength mul- 
tiplexed. 

The signal beam and pumping beam wavelength 
multiplexed in this manner then pass through an optical 
isolator 50 and is then condensed by a lens 51 . where- 
after they are introduced into an Er doped optical fiber 
53 inserted in a ferrule 52. While the signal beam and 
pumping beam propagate in the Er doped optical fiber 
53, the signal beam is gradually amplified, and conse- 
quently, the amplified signal beam is sent out into a trans- 
mission line by way of an output port. Since the optical 
isolator 50 is interposed between the optical wavelength 
multiplexing prism unit 42 and the lens 51 , reflected re- 
turning light which tries to return from the Er doped op- 
tical fiber 53 side to the optical wavelength multiplexing 
prism unit 42 is stopped by the optical isolator 50. As a 
result, such troubles are prevented that noises are pro- 
duced by the optical fiber amplifier or optical amplifica- 
tion is made unstable by resonance. 

Since the prism 43 having the included angle of 45 
degrees and the triangular prism 46 having the apex an- 
gle of 22.5 degrees are adhered to each other to consti- 
tute the optical wavelength multiplexing prism unit 42, 
when a signal beam and a pumping beam having a small 
difference in wavelength are to be coupled with each oth- 
er, the signal beam can be totally reflected by the total 
reflection film 44 and introduced into the optical wave- 
length multiplexing film 45. Consequently, the incidence 
light path of a pumping beam and the incidence light path 
of a signal beam to the optical wavelength multiplexing 
prism unit 42 can be set such that they may make the 
right angles to each other. 

FIG. 6 is a diagrammatic representation of an optical 
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wavelength multiplexing prism unit. The optical wave- 
length multiplexing prism unit 42' in the present embod- 
iment includes a prism 43' having an included angle of 
45 degrees similarly as in the case of the preceding em- 
bodiment, and a quadrangular prism 54 adhered to the 
prism 43' and having a pair of opposing apex angles of 
22.5 degrees and 45 degrees. Since the optical wave- 
length multiplexing prism unit 42' of such construction is 
employed, a pumping beam and a signal beam can be 
introduced in parallel to each other into the optical wave- 
length multiplexing prism unit 42\ 

While a first pumping beam and a second pumping 
beam are coupled to each other by the polarized beams 
coupling prism unit 32 in the two embodiments described 
hereinabove, otherwise where the pumping beams have 
different wavelengths, the polarized beams coupling 
prism unit 32 may be replaced by a prism unit with a 
low-pass filter film, a prism unit with a high -pass filter film 
or a prism unit with a band pass filter film. As an example, 
transmission characteristics of a low-pass filter film is 
shown in FIG. 7. If a pumping beam of a wavelength a 
little shorter than the wavelength of 1.48 u,m is used as 
a first pumping beam, then the pumping beam is trans- 
mitted through the low-pass filter film, but if another 
pumping beam having a wavelength a little longer than 
the wavelength of 1 .48 u.m is used as a second pumping 
beam, then the pumping beam is reflected by the 
low-pass filter. In particular, the low-pass filter is used in 
such a band as indicated by hatching lines in FIG. 7. 

FIG. 8 is a diagrammatic representation of an optical 
wavelength multiplexing prism unit showing an embodi- 
ment of the present invention. Reference numeral 62 de- 
notes a prism unit wherein a polarized beams coupler 
and an optical wavelength multiplexer are integrated with 
each other. The prism unit 62 is constituted from a prism 
63 having an included angle of 45 degrees, a quadran- 
gular prism 66 and a rectangular equilateral triangular 
prism 70 adhered to each other. A total reflection film 64 
in the form of a dielectric multi-layer film is formed on one 
of a pair of faces of the prism 63 which define the includ- 
ed angle of 45 degrees while an optical wavelength mul- 
tiplexing film 65 similarly in the form of a dielectric mul- 
ti-layer film is formed by means of vapor deposition or 
the like on the other one of the faces of the prism 63. The 
optical wavelength multiplexing film 65 has such trans- 
mission characteristics as shown in FIG. 9 wherein it 
transmits therethrough a signal beam of a wavelength of 
the 1 .55 jim band but reflects first and second pumping 
beams of a wavelength of the 1 .48 u,m band. Further, a 
filter film 67 is provided on an interface between the 
prism 63 and the quadrangular prism 66 through which 
the pumping beams pass. The filter film 67 has such 
transmission characteristics as shown in FIG. 10 where- 
in it reflects a signal beam wavelength component but 
transmits the pumping beams therethrough. 

The quadrangular prism 66 has a first included angle 
of 22.5 degrees and a second included angle of 45 de- 
grees opposing to the first included angle and is adhered 



to the prism 63 such that the first included angle of 22.5 
degrees thereof is positioned adjacent the included an- 
gle of 45 degrees of the latter. A polarized beams cou- 
pling film 68 in the form of a dielectric multi-layer film is 
s formed by vapor deposition or the like on one of a pair 
of faces of the quadrangular prism 66 which define the 
secon'd included angle of 45 degrees. The polarized 
beams coupling film 68 has such transmission charac- 
teristics as shown in FIG. 4. In particular, the polarized 
beams coupling film 68 has characteristics that it trans- 
mits therethrough a first pumping beam P n of P polari- 
zation having a wavelength of 1 .48 jim and having a hor- 
izontal polarization plane, but it reflects a second pump- 
ing beam P 2 of S polarization having a wavelength of 
1 .48 jim and having a vertical polarization plane. 

Further, the rectangular equilateral triangular prism 
70 is adhered to the face of the quadrangular prism 66 
on which the polarized beams coupling film 68 is formed. 
Then, filter films 71 and 72 are provided on one of the 
other faces of the triangular prism 70 and the other face 
of the quadrangular prism 66 defining the included angle 
of 45 degrees, respectively. The filter films 71 and 72 re- 
flect a signal beam wavelength component but transmit 
a pumping beam therethrough, and accordingly have the 
same characteristics as the filter film 67. Reference nu- 
merals 73 and 74 denote each a reflection preventing 
film. 

In operation, a signal beam of a wavelength of the 
1 .55 jim band is emitted from a single mode optical fiber 
75 inserted in a ferrule 76 and is then collimated by a 
lens 77, whereafter it is introduced into the prism unit 62, 
in which it is transmitted through the optical wavelength 
multiplexing film 65. Then, the signal beam is emitted 
from the prism unit 62 and focused by a lens 84, where- 
after it is introduced into an Er doped optical fiber 85 in- 
serted in a ferrule 86. 

On the other hand, a first pumping beam P A of the 
wavelength of 1.48 jim having a horizontal polarization 
plane is emitted from a polarization plane maintaining 
optical fiber 78 inserted in a ferrule 79 and is then colli- 
mated by a lens 80, whereafter a signal beam wave- 
length component is removed from the first pumping 
beam P^ by the filter film 71 . After then, the first pumping 
beam P^ is introduced into the prism unit 62, in which it 
is transmitted through the polarized beams coupling film 
68, whereafter it advances straightforwardly. A second 
pumping beam P 2 of the wavelength of 1 .48 jam having 
a vertical polarization plane is emitted from a polarization 
plane maintaining optical fiber 81 inserted in a ferrule 82 
and is then collimated by a lens 83, whereafter a signal 
beam wavelength component is removed from the sec- 
ond pumping beam P 2 by the filter film 72. After then, the 
second pumping beam P 2 is introduced into the prism 
unit 62, in which it is reflected by the polarized beams 
coupling film 68. Consequently, the second pumping 
beam P 2 is introduced into the same light path as the 
transmitted light path of the first pumping beam P A , and 
accordingly, the first pumping beam P^ and the second 
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pumping beam P 2 are coupled to each other. 

One of the reasons why the first pumping beam and 
the second pumping beam are coupled to each other by 
the polarized beams coupling film 68 in this manner is 
that it is intended to couple, when the output power of a s 
semiconductor laser which emits a pumping beam is not 
sufficiently high, two pumping beams to each other to 
raise the power of an output pumping beam. In case the 
output powers of the pumping beam sources are suffi- 
ciently high, only one of the two pumping beam sources 10 
can be driven to increase the redundancy of the pumping 
beam. 

The first and/or second pumping beams coupled to 
each other by the polarized beams coupling film 68 are 
transmitted through the filter film 67, whereupon a signal is 
beam wavelength component is further attenuated. After 
then, the first and/or second pumping beams are totally 
reflected by the total reflection film 64 and then intro- 
duced to the optical wavelength multiplexing film 65 at 
an angle of incidence smaller than 45 degrees, for ex- 20 
ample, at an angle of incidence of 20 degrees or so. 
Then, the first and/or second pumping beams are reflect- 
ed by the optical wavelength multiplexing film 65 and 
emitted into the same light path as the transmitted light 
path of the signal beam, and accordingly, the signal 2s 
beam and the first and/or second pumping beams are 
wavelength multiplexed. 

The signal beam and the first and/or second pump- 
ing beams wavelength multiplexed by the optical wave- 
length multiplexing film 65 in this manner are focused by 30 
a lens 84 and then introduced into an Er doped optical 
fiber 85 inserted in the ferrule 86. The signal beam is 
thus amplified in the Er doped optical fiber 85 in accord- 
ance with the principle described hereinabove and is 
then sent out into the transmission line. 35 

In the present embodiment, since the prism 63 hav- 
ing the included angle of 45 degrees, the quadrangular 
prism 66 and the rectangular equilateral triangular prism 
70 are adhered to each other to construct the prism unit 
62 in which a polarized beams coupler and an optical 40 
wavelength multiplexer are integrated with each other, 
when a signal beam and a pumping beam having a small 
difference in wavelength are to be coupled with each oth- 
er, the pumping beam can be totally reflected by the total 
reflection film 64 and introduced to the optical wave- 
length multiplexing film 65, and accordingly, the inci- 
dence light path of the pumping beam and the incidence 
light path of the signal beam to the prism unit 62 can be 
set such that they may make the right angle or have a 
parallel relationship to each other. 50 

Referring now to FIG. 11, there is shown, in a dia- 
grammatic representation, construction of a prism unit 
according to an embodiment of the present invention. 
Like parts or elements are denoted by like reference 
characters to those of the third embodiment shown in 55 
FIG. 8. A prism unit 82 in the present embodiment is con- 
stituted from a prism 63 having an included angle of 45 
degrees, a triangular prism 84 and a parallelogram prism 



85 adhered to each other in such a manner as shown in 
FIG. 11 . The triangular prism 84 has an included angle 
of 22.5 degrees between a first inclined face 84a and a 
bottom face 84c and another included angle of 45 de- 
grees between a second inclined face 84b and the bot- 
tom face 84c. An optical wavelength multiplexing film 65 
and a filter film 67 are disposed between the prism 63 
having an included angle of 45 degrees and the triangu- 
lar prism 84 while a polarized beams coupling film 68 is 
disposed on an interface between the triangular prism 
84 and the parallelogram prism 85. By employing the 
prism unit 82 of such construction, first and second 
pumping beams P 1 and P 2 and a signal beam S can be 
introduced in the same direction into the prism unit 82. 

While no optical isolator is interposed between the 
focusing lens and the prism unit for wavelength multi- 
plexing a signal beam and a pumping beam in the third 
and fourth embodiments described above, preferably an 
optical isolator is interposed between the focusing lens 
and the prism unit similarly as in the first embodiment 
shown in FIG. 3. Where an optical isolator is interposed, 
reflected returning light which tries to return from the Er 
doped optical fiber to the prism unit is stopped by the 
optical isolator, and accordingly, such troubles can be 
prevented that noises are produced in the optical fiber 
amplifier or that optical amplification is made unstable by 
resonance. 



Claims 

1 . An optical coupler for coupling a signal beam and a 
second beam having different wavelengths to each 
other, 

comprising: 

a first prism (63) having an included angle of 45 
degrees and having a total reflection film (64) 
formed on a portion of a first one of the pair of 
prism faces defining the included angle, an opti- 
cal wavelength multiplexing film (65) formed on 
the second one of the prism faces of said first 
prism defining the included angle; and 
a second prism (66, 84) having pairs of prism 
faces defining a first included angle and a sec- 
ond included angle of 45 degrees, said second 
prism being adhered to the second face of said 
first prism on which said optical wavelength mul- 
tiplexing film is formed such that the first 
included angle of the former is positioned adja- 
cent the included angle of said first prism, char- 
acterised in that 

said second prism comprises a polarized 
beams coupling film (68) reflecting or transmit- 
ting mutually perpendicularly polarized beams 
respectively, formed on the prism face opposing 
the second face of said first prism on which said 
optical wavelength multiplexing film is formed; 
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the device further comprises a third prism (70, 
85) adhered to the prism face of said second 
prism on which said polarized beams coupling 
film (68) is formed; 

wherein the coupling film (68) is for constituting s 
the second beam by combining a first pumping 
beam and a second pumping beam having 
mutually perpendicular polarization directions, 
the arrangement of the prisms being such that 
the first and second pump beams are combined 10 
at the polarized beams coupling film to form the 
second beam which traverses the second prism 
and the first prism and is totally reflected at the 
total reflection film (64) towards the multiplexing 
film (65) where the second beam is multiplexed is 
with the first beam, which passes through the 
multiplexing film to form a combined beam, the 
combined beam leaving the first prism (63) in a 
direction perpendicular to the second beam. 

20 

2. An optical coupler according to claim 1 , wherein a 
filter film (67) which reflects a signal beam compo- 
nent but transmits the first and/or second pumping 
beams therethrough is provided on an interface of 
said second prism and said first prism through which 25 
the second beam passes. 

3. An optical coupler according to claim 2, wherein a 
second filter film (71, 72) which reflects a signal 
beam component but transmits the first and/or sec- 30 
ond pumping beams therethrough is provided on 
each of end faces of said second prism and said third 
prism into which the first and/or second pumping 
beams are introduced. 

35 

4. An optical coupler according to any preceding claim, 
further comprising an Er doped fiber (85) into which 
a wavelength multiplexed beam is introduced, and 
an optical isolator (50) interposed between said Er 
doped fiber and said optical coupler. 40 

5. An optical coupler according to any preceding claim 
wherein the second prism (66) is quadrangular and 
the third prism is triangular (70). 



45 

An optical coupler according to any of claims 1 to 4 
wherein the second prism (84) is triangular and the 
third prism is a parallelogram prism (85). 

An optical coupler according to any preceding claim so 
wherein the first included angle of the second prism 
is 22.5 degrees. . 



Patentanspruche 

1 . Optischer Koppler zum Koppeln eines Signalstrahls 
und eines zweiten Strahls mit zueinander unter- 
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schiedlichen Wellenlangen, umfassend: 

ein erstes Prisma (63) mit einem eingeschlos- 
senen Winkel von 45° und mit einem Totalrefle- 
xionsfilm (64), der auf einem Abschnitt einer 
ersten Stirnflache des Paars von Stirnflachen, 
die den eingeschlossenen Winkel definieren, 
gebildet ist, wobei ein optischer We Hen Ian gen - 
multiplexierungsfilm (65), der auf der zweiten 
Stirnflache der Prismenstirnflachen des ersten 
Prismas, die den eingeschlossenen Winkel 
definieren, gebildet ist; und 
ein zweites Prisma (66, 84) mit Paaren von Pris- 
menstirnflachen, die einen ersten eingeschlos- 
senen Winkel und einen zweiten eingeschlos- 
senen Winkel von 45° definieren, wobei das 
zweite Prisma an der zweiten Stirnflache des 
ersten Prismas angebracht ist, auf der der opti- 
sche Wellenlangenmultiplexierungsfilm gebil- 
det ist, so daB der erste eingeschlossene Win- 
kel des ersteren benachbart zu dem einge- 
schlossenen Winkel des ersten Prismas posi- 
tioniert ist, 

dadurch gekennzeichnet, daG 
das zweite Prisma einen Kopplungsfilm (68) fur 
polarisierte Strahlen umfaflt, der zueinander 
senkrecht polarisierte Strahlen jeweils reflek- 
tiert Oder transmittiert und auf der Prismenstirn- 
flache gegenuberliegend der zweiten Stirnfla- 
che des ersten Prismas gebildet ist, auf der der 
optische Wellenlangenmultiplexierungsfilm 
gebildet ist; 

wobei die Einrichtung ferner ein drittes Prisma 
(70, 85) umfaQt, das an der Prismenstirnflache 
des zweiten Prismas angebracht ist, auf der der 
Kopplungsfilm (68) fur polarisierte Strahlen 
gebildet ist; 

wobei der Kopplungsfilm (68) zur Bildung des 
zweiten Strahls durch Kombinieren eines ersten 
Pumpstrahls und eines zweiten Pumpstrahls 
mit zueinander senkrechten Polarisationsrich- 
tungen vorgesehen ist; und 
wobei die Anordnung der Prismen derart ist, 
daf3 die ersten und zweiten Pumpstrahlen an 
dem Kopplungsfilm fur polarisierte Strahlen 
kombiniert werden, urn den zweiten Strahl zu 
bilden, der durch das zweite Prisma und das 
erste Prisma lauft und an dem Totalreflexions- 
film (64) in Richtung auf den Multiplexierungs- 
film (65) hin total reflektiert wird, an dem der 
zweite Strahl mit dem ersten Strahl multiplexiert 
wird, der durch den Multiplexierungsfilm lauft 
zum Bilden eines kombinierten Strahls, wobei 
der kombinierte Strahl das erste Prisma (63) in 
einer Richtung senkrecht zu dem zweiten Strahl 
verlaGt. 

2. Optischer Koppler nach Anspruch 1, dadurch 
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gekennzeichnet, daG ein Filterfilm (67), der eine 
Signalstrahlkomponente reflektiert, aberden ersten 
und/oder zweiten Pumpstrahl dadurch transmittiert, 
auf einer Grenzflache des zweiten Prismas und des 
ersten Prismas vorgesehen ist, durch die der zweite 
Strahl lauft. 

3. Optischer Koppler nach Anspruch 2, dadurch 
gekennzeichnet, daG ein zweiter Filterfilm (71, 72), 
der eine Signalstrahlkomponente reflektiert, aber 
den ersten und/oder zweiten Pumpstrahl dadurch 
transmittiert, auf jeder Endflache des zweiten Pris- 
mas und des dritten Prismas vorgesehen ist, in das 
der erste und/oder zweite Pumpstrahl eingeleitet 
wird. 

4. Optischer Koppler nach einem der voranstehenden 
Anspruche, f erner umfassend eine Er-dotierte Faser 
(85), in die ein Wellenlangen-multiplexierter Strahl 
eingeleitet wird, und einen optischen Isolator (50), 
der zwischen der Er-dotierten Faser und dem opti- 
schen Koppler angeordnet ist. 

5. Optischer Koppler nach einem der vorangehenden 
Anspruche, dadurch gekennzeichnet, daG das 
zweite Prisma (66) viereckig ist und das dritte 
Prisma (70) dreieckig ist. 

6. Optischer Koppler nach einem der Anspruche 1 bis 
4, dadurch gekennzeichnet, daG das zweite Prisma 
(84) dreieckig ist und das dritte Prisma ein Paralle- 
logrammprisma (85) ist. 

7. Optischer Koppler nach einem der vorangehenden 
Anspruche, dadurch gekennzeichnet, daG der erste 
eingeschlossene Winkel des zweiten Prismas 22,5° 
betragt. 



Revendications 

1 . Coupleur optique pour le couplage d'un faisceau de 
signal et d'un second faisceau ayant difterentes lon- 
gueurs d'onde, comprenant : 

un premier prisme (63) ayant un angle inscrit de 
45 degres et un film de reflexion totale (64) for- 
m6 sur une partie d'une premiere face de la pai- 
re de faces de prisme definissant Tangle inscrit, 
un film de multiplexage optique de longueur 
d'onde (65) form6 sur la seconde face des faces 
de prisme dudit premier prisme definissant Tan- 
gle inscrit; et 

un second prisme (66, 84) ayant une paire de 
faces de prisme definissant un premier angle 
inscrit et un second angle inscrit de 45 degres, 
ledit second prisme etant colle sur la seconde 
face dudit premier prisme ou est forme ledit film 
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4. 



de multiplexage optique de longueur d'onde de 
telle facon que le premier angle inscrit du se- 
cond prisme soit place adjacent a Tangle inscrit 
dudit premier prisme; 

coupleur caracterise en ce que ledit se- 
cond prisme comprend un film de couplage de 
faisceaux polarises (68), reflechissant ou trans- 
mettant respect ivement des faisceaux de pola- 
risation mutuelle normale, form6 sur la face de 
prisme oppos6e a la seconde face dudit premier 
prisme sur laquelle est forme ledit film de mul- 
tiplexage optique de longueur d'onde, et en ce 
que le dispositif comprend, de plus, un troisieme 
prisme (70, 85) coll6 a la face de prisme dudit 
second prisme ou est form6 ledit film de coupla- 
ge de faisceaux polarises (68); 

coupleur dans lequel le film de couplage 
(68) est prevu pour constituer le second fais- 
ceau par combinaison d'un premier faisceau de 
pompage et d'un second faisceau de pompage 
presentant des directions de polarisation nor- 
males, Tagencement des prismes 6tant tel que 
les premier et second faisceaux de pompage 
sont combines sur le film de couplage de fais- 
ceaux polarises pour former le second faisceau 
qui traverse le second prisme et le premier pris- 
me et qui est totalement reflechi sur le film de 
reflexion totale (64) vers le film de multiplexage 
(65) ou le second faisceau est multiplexe avec 
le premier faisceau, qui traverse le film de mul- 
tiplexage pour former un faisceau combine^ le 
faisceau combine quittant le premier prisme 
(63) dans une direction normale au second fais- 
ceau. 

Coupleur optique selon la revendication 1, dans 
lequel un film de filtre (67), reflechissant une com- 
posante du faisceau de signal mais transmettant les 
premier et/ou second faisceaux de pompage, est 
pr6vu sur une interface dudit second prisme et dudit 
premier prisme a travers laquelle passe le second 
faisceau. 

Coupleur optique selon la revendication 2, dans 
lequel un second film de filtre (71 , 72), reflechissant 
une composante du faisceau de signal mais trans- 
mettant les premier et/ou second faisceaux de pom- 
page, est prevu sur chacune des faces d'extremite 
dudit second prisme et dudit troisieme prisme dans 
lesquels les premier et/ou second faisceaux de 
pompage sont introduits. 

Coupleur optique selon Tune quelconque des reven- 
dications prec^dentes, comprenant, de plus, une 
fibre dopee a TErbium (85) dans laquelle est introduit 
un faisceau multiplex^ en longueur d'onde et un ele- 
ment d'isolation optique (50) interpose entre ladite 
fibre dopee a TErbium et ledit coupleur optique. 
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5. Coupleur optique selon Tune quelconque des reven- 
dications pr6cedentes, dans lequel le second 
prisme (66) est quadrangulaire et le troisieme 
prisme (70) est triangulaire. 

5 

6. Coupleur optique selon Tune quelconque des reven- 
dications 1 a 4, dans lequel le second prisme (84) 
est triangulaire et le troisieme prisme est un prisme 
en parallelogramme (85). 

10 

7. Coupleur optique selon Tune quelconque des reven- 
dications pr^cedentes, dans lequel le premier angle 
inscrit du second prisme est de 22,5 degres. 
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FIG. 3 
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FIG. 6 
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FIG. 8 
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FIG. 9 
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